PCI 

A 6 IN iA*; | & 



\ .1 




i) > i > -' 1 1 



, , 1 

B, DF L GI rr. LU, MC, N 



; Til-:- IMPROVED HEART P\CP.M-KEA 












Ton: pages cr 


:-:.-;!v,ph.'if.-:; p:;b:h-n.u:;; ipiorwtiior:; 










Spain 


L£ 


L-SvOiilv 






■\r>i 






Bf>!as;J 


53 


Li:hi!3J>:r, 


sx 




AT 






FrtvvCf. 


Ui. 










--SM.lis i 


CA 




J,V 


Uf»ii 












lasted KifissOAi 


MC 


Mow** 


Til 


Ci:M 


SA 








«D 




'IQ 












MS 












Gri 




MK 


'iiis former 'Yisgcsisv 


























HU 




Mi, 












SS 




Mis 1 








sk 




y. 




mj; 


>-.>:: :;;i;s;:i;: 


«e 








;s 




MW 




as 


Vr.\V.s4 y.n;?s. ■-!• A-iitrk-. 














Ii2. 




Ci : 




jp 




NK 




YR 


Vk>; (,,-,>, 


CG 




KK 






\ , . 


yi; 




"I! 




KG 


XyTSysxssif 




fi.Ojvay 






Ci 


, " .< 






N'i', 
















Pi.. 
















!>-,' 












KZ 


Kay.ikii'aK 












k:;pi!B!.k'. 


s..c 
















U 




SO 












i.K 
















.u 













WSJ i - ( 




wo m.>.m,;s5 



- 2 - 

al&ctroae, fibrous tissue rends to build up 
around the * in strode ias the bodies reaction to 
foreign material ash the pulsing) . ?.:■■ the 

sue b - i| x * in 
stirculating voltage is respired to be applied to 
pace ode heart, (the cardiologist will often 
adjust the pacing voltage after a number of weeks 
following implantation,, to tape account of the 
fibrous tissue growth) . This again reduces 
battery life and/or requires a bulkier battery; 
4. Generally only a single electrode .is implanted in 
conventional ventricular paced pacemakers. This 
single electrode is used both for sensing cardiac 
activity and. providing pacing pulses. When 
pulsing at higher rates, polarisation of the 
electrode site increases due to the reduced time 
between succeeding stimulating impulses thereby 
not permitting dispersion of the voltage of 
polar i sat ion. . Pacing voltage must therefore no 
increased to overcome the polarisation potent rai 
and apparent increase in impedance, This, again, 
results in an. increased drain on the power 
source.. 

The imp! amenta Lion of lose electrode leads can also 
- bolems * - r lementati ' site Tier sve been 
s ads corroding an a y 

seiess eiectrod s le! 

i r f oc rode, r r in< 

surgery. it is also necessary to remove the deg.rsd.ee lead 
in order to prav arm health problems. P number of hesirh 
problems have been experienced with degraded leads. 

The applicants out earlier international patent 
application, cumber PCT/AU93/D0541, discloses a pacesetter 
which comprises a base member arranged to be positioned 
bout id area of t 



PCToudoocoeo 




prerer.atoy nas a attain vooreo is relatively short- By 
relatively shore, we mean It is shorter thee the 
tcee : entior;a hl.se apr - t 

Preferably each group comprises a sequential burst or wavoi 
train oh poises. The total period or width of the burst 
map extend to substantially the width of a conventional 
pulse, 0, Smsy for example. Tee amplitude of the poises rosy 
be e - up? de o 

The present applicants believe that what is import ant 
in dictating whether or r,ot a stimulating pulse would he 

that 5 h:r rise time poise of i p: vide sufficie , no so 
to the heart to cause electrical stimulation end heart 

v "-c; ..i- e poles s w 
ensure that the heart is paced. 

By applying a group of a plurality of electrical 
uiseu ar each pa no event i - i set ti 

that a beast beat is required to ha paced ; ... considerable 

T - - ~ - N r- - t ,'o urric... t ^ - 

of providing a single pulse of relatively large width. 
Paeerseher life may be substantially extended because there 
srat rc leas draa n aha debtor 

i'u; -i r iif etr ish ooulc 

'he method t his -aspect of the - in t 
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y of iectrode; — i th cse i different 
for pacing and sensing functions and prefer abX 
p o 1 a rasa t ion p •: -at:. I em s , 

lot - as s nnree 



Least e act: are :i , t,r ean ana a massing 

electrical activity in the hear:., and a pulse generator 
rnears for ceasing the elecerod.es to provide heart 
stimulating pulses, v/nereir at least sea electrode is 
farmed as a ring an the surface of the base a arena r. 

Preferably there are a plurality of electrodes 
available for pacing and /or sensing, and more preferably 
titers are a plurality ei elect roues fanned ee rings on t 
surface of the base meander. 

"Ring" includes a circular ring, a square ring or 
generally a ring of any shape, rectangular, polygonal. 



fe;atlae: . Preferably earn ring electrode is equal in area 
and acre preferably tie ring electrodes are capaoiciee 
electrodes eac.n electrode having equal:, capacitance. 
Preferably, a v indif f arena" alert rod e is also pr eroded on 
o ease scarabs r. 

Preferably,- there is sufficient area of electrodes ta 
contact substantially the entire apical area of. the heart 
,p. lt .- thai base naiads ; ,v t rtior;. 

Preferably, the surface area of the electrode 
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elecirrodes reaalt..rng in a lower rTcgeoance and preferably 
pot.en-ti.aaly , nor c,, and elect s res i seuesitreit y wnen the 
elecuc^s is In a seprd as mode. ^n:.hu , the increased 
vnn^v of each electrons preferably provides for 
•> higher peak stimulating irep.nl ss ir: the poise generator 

sciss:d.at inn reode. & f urn her advantage of the in or see a In 
area nf each electrode compared with the prior art is 
reproved abiilip tx - is 

Chan the positioning of the base rearrurer (which is 
id preferably posip.i enable around the apical area of the 
- c - T s ^ ere- a ed fee tree 

heart contact, area. 

.any or ; e ; too , more or ail or aha electrodes my k*. 
chosen for pacing/sensing functions, tiros providing 
15 improved direct ivity and the opportunity for the 

cardiologist to select, the reost appropriate electrodes, 
preferably covering virtually the entire aurfa.ee of the 
apical area of the heart, to provide the most appropriate 
atireniation for the patients heart. Cardiologists can 
20 select electrodes in an attempt to ir-ireic the natural pacing 
of the heart. 

preferab >o the paean? may se fey means . f the xs t est 
type stimulation discussed above in relation to the f irst 
aspect of this invention. 

25: The provision of a plurality of electrodes for 

covering reach of the apical .area of the heart preferably 

- V , i 

tixsv car; select any one or ell of the electrodes as 
apcroorrare to pace oar iocs : of the heart.; and 

Kl versatility. Electrodes may all be connected together to 
provide a sensing function and a pacing function, i.e., 
soaneched in parallel, or selective oner of the electrodes 
may he connected in parallel. All the electrodes rea.y oc 
connected in parallel t.o proviso a aef inert 1 istion ranch.; on : 

. r-:.r...;r-;c. 
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lr: & further alternative erbtodirasnt , the or each ring 
electrode is segmented to provide a plurality oi segments, 
each one of which can operate as a separate electrode 
. _ »- - l ^ - - t _ -j. .= -■,--}!■ t _ 

5 provides yet more directivity and choice for pacing and/or 
sensing operations. This type of electrode array' is 
totally new to pacemsking technology. The provision of a 
base rrsearcer with a plurality of electrodes in the form oi 
regiments of a plurality of band or ring electrodes is 

id totally novel, and allows the oardi clog 1st. versatility in 

selection of electrodes to be used in pacing end/or sensing 
so that the cardiologist can select the electrodes to as 
far as possible mimic the natural operation of the heart. 
Electrodes may be formed on the base member in a 

IS series of ^strips" extending, substantially from the centre 
or bottom of the base mernber towards the periphery of the 
base member. The strips preferably extend in a direction 
,such that they will come into contact with vital areas of 
the heart regal red for pacing when the base member is 

2.0 fitted to the heart. Preferably strips of segmented 

the right and left ventricle and other strips are provided 
for correcting the appropriate area to cause the septum to 
stiffen, e cardiac muscle stimulation wavefront nay be 

2p directed first to stimulate and stiffen the septum, then 

- t3^ tiall •Itaneou S - > - -> jht and th lei 

biased j sft as - - 13 

determined by the operator and /or by the physiological 
requirements of the patient (where physiological control is 

30 applies svei the paoe;mb:er - see aooiicants earlier 
psn: iiti i above) . 

- a r , , ci 
P^-^tde? a - racers feet oomprrsiog a case member 
mounting a plurality of electrodes and being arranged to 

3 5 fit to the epical area of the; heart, the plurality ot 



electrodes a reudiog across she oinsce of one ease member 
snot char electrodes are available to ctctotact sdbstrsnth al by 
she satire surface of ore- apical area of the heart, oheraby 
to preside means fox pacing aluf/e'r eroot.; esectrioai 
a activity for the entire: apical area of the heart. 

Hoot rodeo tray ba basse; of tor:; t ope electrodes as 
ddacooaet: above or segmented electrodes as discussed adore. 

Preferably the electrodes extend over substantially 
the entire surface or the base member, 
10 From yet a further aspect the present i river tier 

ear t Knarred c rnssp i.ti ng a bas 

iura iy >f act roc c ing 

f it to the apical area of the heart, the pinirality of 
electrodes being arranged re a plurality of strips, eaoh 
15 strip ear a a arranged on the bass soeraber so as to ear sod and 
contrast a port son of the apical ares of the heart, each 
osntasted portion may be paced or sensed separately. 

Preferably, at least one strap coot a tor ao area of the: 
Peart the electrical stimulation of which causes 
20 stimuietion of the right ventricle, at least sootier strap 
contacts an area of the heert stimulation of which causes 
sttO;oi.ation of the left ventricle and at. feast another 
strip: cor; tacts an area of the hears the alitor rat too of 
which .causes stimulation ef the septate 
m Preferaoly tha strips too:t iron; s onstanto. a 11 y one 

centra of the base racber art towards its periphery- An 
iooaffereoc a bo, it rods is preferably presided on one. base 
rsember. preferably at Its centre. 

Tire heart pacemaker of tie present resection ia 
30 preferably or a prat- drat sacrs-car doss device, the 

elaotoodes contacting ore surface of the heart tissue aod 
sot being implanted therein. 

Features and advantages of tea present recension will 
baccate appersos frotr rts hoi bra lug do serf pti on of 
d5 embodombuts thereof, by cap carfo vot.n red arcade: ao; the 



- 10 - 

drawings in huich: 

* " " . * i n 

ccorda witr embodiment of the - " \ 

- - - ^~ " ^ - . . - 1 ; 
S Figure 3 is a r.op view of the pacemaker of figure "I; 

Figure A is a sect: trial view of a base member of the 
pacemaker of figure l f iiiust rating the electrode 
structure; 

Figure 3 is a diagram si the heart; 
ID: Figure 6 is a block diagram of the pacemaker circuitry 

for the pacemaker of figure 1 ; 

Figures ? a ad Ih are diagrams illustrating a pulsing 
.sequence for a pacemaker it accordance with an embodiment, 
of ths present invention; 
15 Figure 8 is a top view of an alternant re embodiment of 

a pacemaker in accordance with the present intention, and 

Figures 9A and 9B ate cross sections through a base 
member of a pacemaker in accordance with further 
embodiments of the present invention showing alternative 
20 electrode structures. 

- i > > _n ► _ ^ „ - r o : „ „ > 
contained nermetical ly sealed unit, which may be mads of a 
resilient plastics materia], or a ceramic material (or any 
other material or materials compatible with mounting in the 

25 human body for extended periods) > The pacemaker according 
to this first embodiment is part hemispherical in shape or 
dish-like and comprises a base member .10 novice a concave 
surface '.hi which forms the upper part of the pacemaker . A 
housing roembe has c? turf ace which h cu i o 

30 -> ^ ^ - v. t m 

form a sealed container which contains electronic circuitry 
cr _ -a- t ~~~ 

" i , i , 

- - <, f - £ * o- - f ^ -rev- ^ * 

35 v - . ~m>- - - v ^ - - . - - _ - 




letters or: the drag 

the following fe 

Pi. superior 

B. 5A nodes; 

C. >iV nodes; 



elect rods sire:; 
merer elecrrode oat:--; 



WO ?><>iW)S05 



... 12 ... 

N. Tricuspid value. 

The corner! eieccncsi psthwsy as aha near" goes as 
follows: 

S-->C->D-^E-K". 

1 The pacemaker in accordance wish tree eibechbrent ::. :i 

arranged to bo positioned at. site KC at the apical srsa. ci : 
the heart where the free walls of the left and right 

^ - . s. _ . - " - ^ » . 

therefore positioned no that the electrodes contact the 
10 apical surface of the heart and the electrodes lib 8 

contact the diaphragm:. Note that the surface of the base 
number II (figure 3) also mounts an indifferent electrode 
21. 

Electrodes 20 are in the for* of concentric rings, 
15 lids acrangemerd is such that electrodes l.h- 11 

substantially contact the entire surface of the apical area 
of the heart. 

The provision of electrodes substantially about the 
apical area, therefore, covering substantially the surface 
20 area of the apical area (in this case the entire surface 
* - > u ~ ~ ^ ~ st - \ 

of coarse, insulating areas 22} enables any part of the 
area of the apex of the heart to be selectively stiraulated 
as desired 'by the cardiologist. The pa came. her circuitry 
25 preferably includes telemetry circuitry so that.- after 

insertion of the pacemaker, the cardiologist stay select the 
asost appropriate electrodes for pacing the heart and the 
most appropriate electrodes 2G for sensing electrical 
art referabi 

ICi and sensing electrodes will be separate to avoid prpolems 

>iogist sh; s i I lect 

pacing and/or sensing, to provide the cost clinically 
apyc at t — 



WO ->'s-iH>ii>v- 



lei a xurth&r aitern4b.iae ia to nave the electrodes 2a 
case sequent tally . i.e.. one pulse applied to one 
electrode, the ■ pais. -a be in;:: applied to a not he r 
_ , - - 

a adeant.ageoae . 

d at a fur the. a pass ability of abas e beat robe 
arrangement is that a].], elecin:n>des could be selectively 
connect eo together in parallel to provide a defibrillation 
reaction, as and when required. 
10 a 5. can be seen from figure A, which shows a cross 

section through the base iaentibez 11, the. elect redes 2:1 and 
20 are capacities electrodes, and comprise capacitors CI 
through C'b. Capacicave eiectroaes were described in the 
applicants earlier application. a pulse applied to s plate 
IS >n he underside of th'fe base ttmhrn 11 wi 1 be transmitted 
ccpaciaavely to the electrode 10 on the surra ae of the base 
meraber 11. It is believed .that tea provision or oaBperifric 
nag capsc.iei.ee electrodes yiaec the following advoa.niag.es: 
h.. Increase in area and capacitance compared with 
2G the earlier capaciciva electrodes described in the 

avail cams earlier app 1 beat ion ,. resulting in a lower 

a tapacitive reactance! nod her a potent - 
increased electrical sensitivity, in a sensing .mode. 

B . Increased capacitance of each electrode providing 
25 for higher para stimulating impulse in she pulse generator 
a v. ina; 1 a t. i n g isode . 

see in the a 

with toe heart resulting in passably icaiaosed contact 

ctabi liny. 

10 t . bass entice! sensing and stiragiaaing positioning 

daa to iooreaseo sleet rede heart contact eraa. 

E, .an increase in the neeha.aacal strength of the 
case member, because of aba capsofaave structure a.ad tne 
ring atrncaaoe at tne electrodes. 



aenerai sieetreose toy is: csnoecteo in parallel far 
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r;g function 



concentric electrodes 20 of the embodiment of figure 3 ; 
scrips 31 being spaced frost each other by insniating ar 
33 of the base mesber XI. 

This arrangement presides many electrodes, each or 
of which may he selected by the cardiologist for season 
and/or pacing functions. Tee arrangement is such chat 
strips 31 extend about the apical area of the heart so 
that electrodes cue be se1.eci.ed eo miraic the hearts 



appropriate pacing of the left and right ventricles ana th 
septum- Some or ail of the electrodes may be connected in 

t i leal appropriate, however 
cbngie eieccrede may be used for paring. The c a reaeeoer :; 
is nee iimiaec to all the electrodes being used , bet overs I 
provides an arrangement from which the cardiologist can 
select the most clinically appropriate pacing/sensing 

electrodes may be used for sensing only, although, as 



shorter pacsmak- life an::,or the reaaar^nt: for 



wo 1 cue? 



limarstrete a ; 
bodiment of ta 



ng a group of pui 
than the convent 



train of pulses, A total period or width of the burnt m 
extend to substantially the width of a conventions: puis 
5 0 .5ms. True amplitude of one pulses may be the ran 

as the amplitude of a conventional puise. 

In figure 7, for each ^conventional poire" there is 
this embodiment of the present .invention provided a groe 
of six narrower pulses r each ha vino a sequential noise 
width (SPhp of , The period of each wane train puise ; 



period te.< whic 



v - - . I"? .r . 

which again may vary depending upon v. to physioioqi 
iqai.roioent.s and clinical requirements of the patient, 

tie a oo; i Den r rally t 

tcesrsker .. including ths pacemskei: describee in relet 1 
tm't l t.c ' , h and I , 



=•3 ire t - i ..v. l a 
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electrodes to he used for pacing end sensing'. The CFJ600 
:nd elect 100 are desirably fully year 2000 compliant, b 
e — x system '7 00 enables a cardiologist to vary she 
aerating i ters ria the CPU 600 sad outp 

UjG. dors that the transducer 400 may be connected to 
tectrodee 1S : of figure I, which detect variations in she 
-ate of movement of the diaphragm. 

The telemetry system 700 includes an antenna. ISO for 
;orcrun rearms with a telemetry controller 700 dgutaib.a t.h 
>at rents body] operated by the cardiologist via a keyboar 



■ore „ „ - 2 o .. - • - " ' > * = 

alecsrode at roc teres . 

Figs. 9'A and. 9B illustrate alternative 'delated 
through" electrodes which could be used instead of the 

t re electrodes Lead thro gh electee us v 1 
suable an increase in current flow, for defibrillation 



;enoe to dig.. ibid reference 
id through electrode of cone 



again a ue;i snrsuoh _1 n PeferRO 

COS; 

indicates - - - 



s o s s - r.: i i on a 1 p a s & :on ke r . 

It vsiii be appreciated by persons skilled in th< 
near, numerous: variations and/or modi f icstions may be 
to the invention as shown in the specific erafoodicent 
withoot departing iccc the spirit or scope of. the .in 

snsrsaore, to be coos ide res in ail respects as illus 
and oca restrictive. 



WO 99/0iSM?5 



j.ise in a grc f aloe has 
relatively short width and a relatively fast rls 

3. A ?netnas in accordsncs with clarO 2, w 
width of each electrical pulse: is substantially 
than the width of a convent ions. 1 pacing pulse. 

« . A heart pacemaker, conprisino a pulse 
means for causing an electrode to provi.de ea rada- 



rs at ivs ] abort width. 

eiaa e cordanc 
n. the width of each electrical pulse is s 
tan that of a conventions! pa etna pulse, 
- «; — _ ^ s cos 



21 - 

generator ;:sans for causing tie electrode to provide heart 
rUbrais sing palter, wnerern at least one s-lsctroci; is: 
.forced as a ring ok the surface oi the base meshoer. 

lb h heart paoepaber 00 accordance with claim 1, 
h t y o £ couoen t r i c else v. rod 

Hh h heart pacemaker -.a sccardancs with claar; 8 :p: 
clam S, 3 csrricreht electrode surface ares bahnq 
available to contact substantia Lip the entire aprcal 
surface area of the: heart., whereby to provide means for 
10 pacing and/or sensing electrical activity for the entire 
epical ares of tne heart. 

11.. A heart pacemaker 1 . accordance with any one of 
claims £ to ID, vc-se to In she electrodes are capacrcire 
alec trades. 

15 12 . A heart pacemaker it. accordance with any one of 

claims 8 to 11, wherein the 1 ring electrode is segmented to 
provide a plurality of segment electrodes on the base 
nearer , 

.13. A heart paoomahar ccurgrisine a bass member 
2° faceting a p-V&i slipy of elactrodes anc bsinc m:rarc ; t< 
fit to one apical area of the heart, the plurality of 
o_ act rodeo ercaeomg across the surface of the base rssiboer 
such that electrodes are available to cor tact s cost ant bail v 
the entire surface, or the apical area of the hoar: t vb;ereby 
2-> to provide means for pacing and/or sensing electrical 
tcru~Lty for the entire apical area of the heart, 

IS - f bean pacemaker in accordance each elaib lb,, 
wherein the pieuaibty strips oentaining a plurality of 
elec:trodeo: formed 1 en the surface of the base ■luaaher. 
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IS. « heart pacemaker corfiprtsing a oas;r ssaiser 
mountin-g & :/ .h : r a v of electrodes and .oeino. arranged or 
fit co the apical atea of tits heart, the plurality of. 
electrodes being arranged in a plurality of strip:;;, each 
5 strip being etrangsa. on the base member: so as to extend and 
contact a portion of the apical area of oho heart ao char 
etch oontactsq portion may he paced or sensed separately. 
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